The present interest in malformations of the rabbit stems almost entirely from a chain of events that originated in the thalidomide disaster and expanded through a multiplicity of animal studies which, among other things, demonstrated that thalidomide consistently causes malformations in the rabbit embryo.
Culmination of the chain was the acceptance of the rabbit as a suitable species for teratogenicity screening tests in the safety evaluation of new drugs (Table 1) .
It is now evident that, for drug evaluation studies, susceptibility of the test species to thalidomide is a somewhat doubtful recommendation.
Thalidomide is unique and atypical so that a positive result obtained with it is not necessarily indicative that a species will be susceptible to teratogens that depend on quite different modes of action.
Fortunately the rabbit (especiaIly the New Zealand White) possesses a number of basic characteristics that are an asset in teratology studies. Some of these characteristics, and the advantages that spring from them, are: domesticated and of moderate size (foetus 40 g, adult 3-4 kg)~easily visible defects, moderate drug need, ease of handling and maintenance, short gestation (32 days); prolonged oestrus and induced ovulation~pregnancy easily and accurately timed, artificial insemination possible; high fertility and polytocous ---+high pregnancy rate (80 per cent +), large litters (7-10); relatively high incidence of varied anomalies~sensitive to teratogens.
These primary advantages in turn give rise to further advantages-low cost, short duration of studies, and the existence of a considerable background of data from published studies in reproduction and genetics. The present communication, however, is concerned not with the various advantages and disadvantages of the rabbit as a model system for drug evaluation studies, but with a special characteristic of the rabbit, namely the relatively high incidence of various malformations that occur in the absence of specific treatment (Table 2) . For many teratological studies, the relatively high rate of abnormalities in the rabbit may be regarded as an unfavourable feature.
From a practical point of view, however, it may offer advantages.
It is probable that a high incidence of different malformations in untreated animals of a species is related to the presence of several susceptible genetic foci (developmental pathways) at which teratogens of differing action may gain expression.
The response to a teratogen, therefore, may entail not the de novo induction of malformations, but the creation of circumstances that allow an aberrant developmental pathway to be followed.
The mechanism by which these circumstances are brought about may be either general or specific. In either case the net result is an increased incidence of malformations.
Our experience in the course of testing some 200 different materials and examining more than 30000 foetuses suggests that this is a useful working hypothesis.
Of course, evaluation of results solely in total quantitative terms may be misleading.
Even with human malformations, which have been recognised at least since the time of Aristotle, epidemiological studies have yielded a diversity of values. The problem is intensified in relation to laboratory animals because the history of intensive investigation is briefer.
To a great extent this confusion arises from the absence of generally accepted definitions of abnormality and normality. In the case of malformations such as exencephaly or cyclopia the distinction is unequivocal; and no great flexibility of mind is required to consider anury (agenesis of the tail) as normal for man and guinea-pig whilst being lethal for the kangaroo, squirrels and some monkeys.
However, in the case of minor anomalies and variations in, for example, the number of digits, vertebrae, ribs and sternebrae, the difference between normal and abnormal is less distinct.
In the absence of generally accepted guide-lines, in our laboratories we have arbitrarily classified the continuous variations between normality and gross lethal abnormality into three categories-common variants, minor anomalies, and major malformations.
The classification is semi-quantitative, and is based on the home-spun philosophy that the more often an anomaly occurs the less detrimental it is to the species. Each species has, of course, to be considered separately. COMMON VARIANTS In our colony of rabbits, common variants include the presence of an extra rib, or pair of ribs, among 50 per cent or so of foetuses (Table 3) ; in other colonies and within litters, the proportion of these 13-ribbed foetuses ranges from 0-100 per cent. What rib configuration represents normality for the rabbit is therefore debatable. Consequently, a morphological change such as displacement of the thoracolumbar border induced by several teratogens, should be interpreted with caution and only in conjunction with other observations.
In the case illustrated (Table 3) there was no difficulty in concluding that the drug was a teratogen since major malformations and increased foetal loss accompanied the changes in rib pattern.
The occurrence of unossified or reduced sternebrae must also be carefully assessed before being regarded as evidence of a teratogenic response, since they represent a transient stage of development, rather than a specific abnormality.
Thus, the degree of sternebral ossification can frequently be correlated with foetal weight.
In our earlier studies (Palmer, 1965, unpublished) we observed that sternebral ossification was also correlated with rib conformation, and was more advanced in young with 13 ribs. Recently we have been seeing a greater degree of sternebral ossification among both 12-and 13-ribbed young (Table 4) . Less frequent sternebral variations extend into the category of minor anomalies although some (e.g bipartite sternebrae) represent no more than the persistence of a transient stage of development.
Minor skeletal anomalies, such as reduced skull ossification, are also of a temporary nature. Mild limb flexure, or wrist drop, which occurs more frequently among smaller than average foetuses, disappears with exercise. Unfortunately, this mild flexure, which does not involve the skeleton, is sometimes confused with outwardly similar, but more serious, forms of arthrogryposis.
Some minor anomalies of the eye, gall-bladder and lung, may also be temporary, since they are observed among a lower proportion of adults than foetuses.
Provided that their incidence is analysed with care, and despite the transitory nature of some of them, these minor anomalies can sometimes provide valuable supportive evidence of teratogenic response; for example, the incidence of agenesis of the intermediate lung lobe is increased ten-fold in response to thalidomide treatment. In our experience major malformation is present in 0.66 per cent of foetuses delivered by hysterectomy.
Some of the more interesting abnormalities are considered below and in Table 6 .
Craniofacial abnormalities
In this category we include pinna agenesis (1 in 17000), brachygnathia (I in 8500), agnathia (I in 8500), harelip (1 in 17000), cleft palate (1 in 3400), open eye or ablapharia (1 in 17 000), microphthalmia
(1 in 8 000), hydrocephaly (1 in 8 500), exencephaly (1 in 4 300), and cranioschisis or anencephaly (1 in 3 400). 
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Another type of malformation arises from a gradual reduction of facial and cranial bones resulting in a variety of changes including: the absence of external nares; a condition sometimes referred to as cebocephaly (which, since it means monkey head, is rather inappropriate for the same malformation in monkeys); cyclopia ( Fig. 1) (1 in 5700); rhinencephaly ( Fig. 2) (1 in 5700); arrhinencephaly (1 in 17000); otocephaly (Fig. 3) (1 in 8500); acrania (1 in 17 000) and acephaly (Fig. 4) (I in 8 500) .
Contrary to statements in certain embryological textbooks, in our experience the malformations listed above are not invariably associated with defects of the lower jaw.
Using hypoxia as a teratogen, Degenhardt (1959) increased the incidence of craniofacial malformations of the rabbit. A similar response to teratogens has been shown by Murakami, Kameyama, Majrina & Sakurai (1962) for mice, and by Binns, James, Shupe & Thacker (1962) for sheep.
In response to thalidomide treatment, in our laboratories the incidence of snub nose and mild cebocephaly among more than 500 foetuses was increased to 1 in 25 from a natural incidenceof 1 in 8000 : probably by association, the incidence of microphthalmia was also increased. At one time or another various authors have attributed most of the more serious craniofacial malformations to thalidomide treatment. However, our experience suggests that their occurrence in relation to thalidomide treatment is possibly no more frequent than to be expected in unexposed controls.
Ventral body wall
Malformations of the ventral body wall range from the innocuous bifurcation of the xiphisternum to complete division (l in 8 500) or fusion of the sternum, and thoracoschisis (1 in 17000); and from low-grade umbilical hernia to complete gastroschisis or even thoracogastroschisis (combined incidence 1 in 14(0). 
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Heart and lungs
Defects of the heart and lungs are frequently associated with other malformations of the viscera, particularly those involving the ventral body wall; for example. ectopic heart (I in 4 300) can only occur in conjunction with thoracoschisis, and dextrocardia (1 in 17000) with situs inversus.
The most common heart malformation consists of varying degrees of fusion of the pulmonary and the aortic arches with consequent failure of lung expansion.
The natural incidence is 1 in 3 400, but this can be increased, five-fold, in response to thalidomide treatment.
A similar increase was obtained in our laboratories with the administration of a particular broncho-dilatory drug.
Urinary tract
Urinary tract malformations mainly involve the kidney itself, although displacement of the ureter (1 in 3000) may occur in the absence of renal abnormality.
Kidney malformations include unilateral agenesis (1 in 6000), misshapen and fused (horseshoe) kidney (1 in 4 300), ectopic kidney (I in 8 500) and hydronephrosis
(1 in 4 300). In response to thalidomide. unilateral agenesis of the kidney is increased ten-fold.
Limb malformations
The prediliction of thalidomide for inducing limb malformations in the rabbit tends to mask the fact that the same malformations may occur naturally. For example, we encountered agenesis of the pollex at 1 in 2000 rabbits in our series, though this figure is artificially high since 40 per cent of the affected foetuses were derived from a dam showing the same malformation. N 12.7 Ectrodactyly (Fig. 5 ) and brachydactyly (1 in 17 000), hemimelia (Fig. 5) and amelia (each at 1 in 17000) also occur without any reference to drug treatment. Agenesis of the radius (1 in 17 000) (Fig. 6 ) leading to the malrotation of the limb (arthrogryposis) so frequently associated with thalidomide has occurred naturally both in our and other laboratories.
A third and outwardly similar form of arthrogryposis (1 in 1 700) does not involve the osseous skeleton. It is, however, more serious than the form of temporary limb flexure discussed under minor anomalies, and is possibly related to the lethal muscle-contracture syndrome described by P. B. Sawin (1967, personal communication) . In our laboratories an increased incidence of this defect was associated with the administration of a particular vasoconstrictor drug. 
Vertebrae and ribs
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Vertebral and rib abnormalities are most diverse and encompass the whole range from common variants to lethal malformations. Many of the major malformations such as extensive rib fusion and scoliosis arise from the accumulation, in one foetus, of defects such as hemicentric, bipartite and ankylosed vertebral centra. If these occurred singly, they may have been regarded as of a minor nature.
Other vertebral malformations include lumbar and thoracic spina bifida (1 in 3400) progressing to complete craniorachischises (1 in 17000).
Reproductive tract
Malformations of the reproductive tract (1 in 2000) include missing and mis-shapen gonads, either alone or in combination with associated ducts. Fig. 7 shows a typical example of an interrupted uterus from an adult. 
Multiple malformations
Many of the abnormalities described previously may occur in the same foetus; however, we reserve the category of multiple malformation for those foetuses in which development has gone so awry that the result defies description, and the distinction between life and death is strictly academic.
CONCLUSION
The examples provided do not exhaust the deviations of the rabbit foetus, but perhaps they are sufficient to show that (i) there is continuous variation from normality to gross abnormality incompatible with life, (ii) that none of the malformations that result from the administration of a teratogen are unique in the sense that they never occur spontaneously.
It is suggested that teratogens cause malformations by creating circumstances in which naturally occurring departures from normal growth are more likely to happen.
